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45°SWEPTIMCKWINGWITHANDWITHOUTA FENCE“‘

ATHIGHSUBSONIC SPEEDS

ByRichardE.KuhnandAndrewL.,-s, Jr.

SWY1

An investigationoftheeffectsofsideslipontheaerodynamicloading
characteristicsofa 45°sweptbackwingof aspectratio4 hasbeencon-
ductedintheLangleyhigh-speed7- by 10-foottunnel.Theinvestigation
includedtheeffectsoffences=d covereda rangeofangleof attackand
angleof sidesli.patMachnmhersfrom0.7to 0.95.

Theresultsindicate,aswouldbe expected,thatatlowanglesof
attacktherootbendingmomentincreaseswithsideslipontheleadingwing
anddecreaseswithsidesliponthetrai13mgwing. However,ata Jkchnum-
berof0.70andat anglesof attackof12°to17°withthefenceoff,the
rootbendingmomentonthetrailingwingexceededthatontheleadingwing
atsllsnglesof sideslip.Ingeneral(exceptnearanangleof attackof
M?”),thelatersJ-centerofpressuredidnotvarymuchwithangleof side-
Slip. Thevariationsofrootbendingmomentandofthecoefficientof
rolJ3ngmomentdueto sidesliparedueprharilytovariationinnormal-
forcecoefficientontheleadingandtrailingwingsrathertha to shifts
inthelateralcentersofpressure.With,t~fenceinstalled,theroot
bendingmomentoftheleadingwingwasslwaysgreaterthanthatofthe
trailingwing,andthecoefficientofrollirugmomentdueto sideslip .
remainednegativethroughouttheangle-of-attackrange.

INTRODUCTION

Investigationsoftherow mment dueto sideslipof sweptwings
(refs.1 snd2,forexample)haveshownthatatthehigheranglesof attack
therollingmomentdueto sideslipsomettiesvarieserraticallywithlift
coefficient.Accordingly,inorderto obtainsomedatathatmayhelpto
providea betterunderstandingofthereasonsforthesevariations,and
alsotoprovideinformationonloadsdueto sideslip,aninvestigationof
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thedistributionofpressureona 45°sweptbackwingofaspectratio4 in ~
combinationwitha fuselagewasundertaken.

Theerraticvariationsofrollingmamentdueto sidesli.pforswept-
backwingsareusuallyattributedtotheeffectsoftipstalling.Wing
fencesareknowntobe effectivein delayingtip@XUing tohigherangles
ofattack;therefore,theeffectsofa fenceinstalledatthe65-percent-
semispanstationwerealsotivestigated.

Thispaperpresentstheloa~ distributionatanglesof sideslipof
approxhnately0°,4°,8°,and12 forthecleanwingandforthewing
witha fenceinstalledatthe65-percent-semispanstation.Thefivesti-
gationcoveredanangle-of-attackrsmgefrom4°to 24°anda Machnum-
berrangefromO.70to 0.95.Theloaddistributionsthroughtheangle-
of-attackrangeat zeroangleof sidesli.phavebeenpresentedalreadyin
reference”3,sndtheeffectof steadyrolJ3ngontheloaddistribution
onthewingis showninreference4. Theaerodynamic-forcecharacteristics
ofthisconfigurationin sideslipandpitcharepresentedinreferences2
and5, respectively.Someofthedatafromthepresentinvestigationhave
beensumarizedbrieflyinreference6.

COEFFICIENTS

M Machnumber

R Reynoldsnumber

P pressurecoefficient,%-pom%-po

P locslstaticpressure,lb/sqft

P. free-streamstaticpressure,lb/sqft

~“ -c pressure,>@, lb/sqft
c

P airdensity, slugs/cu

v free-stresmvelocity,

c localwingchord,ft

ft

fps

Cav averagewingchord,S/b,ft

~~NEKZW?U
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wingspan,ft

exposedspan,b :.Djft

wingarea,sqft

mmdmumfuselaged+ameter

. chordwisedistancefromleadingedgeoflocalchord,f%

spanwisedistsmceperpendicularto fuselagecenter13ne,ft

incrementoflocalchordoverwhichpressureat a partic-
ularorificeisa$smedto act

section

section

1

Fx C=o

normal-forcecoefficient,

pitchingmomentabout0.25

(Pu - PZj($- 0.25) A@)

$’ (Pz
0

- Pu) :
x/c=o

localchord,

normal-forcecoefficientofoneexposedwing,
1.0

b
~ J %~dy

.14 Cav b~

bending-mcanentcoefficientof onee~osedwing,

angleofattack,deg

angleofsideslip,deg

locallongitudinalcenterofpressure,0.25- >

laterslcenterofpressuremeasured

IcBe%e

%

from fuselsgesurface,
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C2 rolling-mcmentcoefficientaboutfuselagecenterline,

1
1.0

-—
4J

~~d~
-1.0 CnCavb/2 b/2

bc2
C2P= ~

Subscripts:

u uppersurface

2 lowersurface

MODELANDA&’PARATUS

A drawingofthewing-fuselageconfiguration
ure1. Thewinghada quarter-chordsweepof45°,

testedis showninfig-
an aspectratioof41 u

a taperratioof0.6,andanNACA6~Am6‘&fo~ section,andwasof com-
.

positeconstruction,consistingofa steelcorewitha bismuth-tincovering
to givethedesiredcontour.Onehundredandfifteenstatic-pressureori-
ficeswerelocatedintheupperandlowersurfacesofthewingandwere
distributedalongfivespanwisestationsparalleltotheplsneof symnetry
(20-,60-,and95-percentsemispanontherightwingand40-and80-percent
semispanontheleftwing).Thechordwiselocationsofthepressureori-
ficesareindicatedintableI. Thewingwasmountedonthefuselagein
a midwingpositionwithzerodihedralandzeroincidence.
ofthecircularfuselagearegiveninreference5.

Themodelwastestedonthesting-@pesupportsystem
ure2. Withthissupportsystemthemodelcanbe remotely
a 28°angle-of-attackrange.Ilrterchangeablecouplingsin
themodelwereusedto setthemodelatanglesofsideslip
and12°.

The ord&tes

showninfig-
operatedthrough
thestingbehind
of0°,4°,8°,

Thedetailsofthefencesusedintheinvestigationareshownin
figure1. Thebrassfencesweremountedonthewingatthe67-Percent-
semispanstationsothatthemountingclipsdidnotprotrudeabovethe
wingsurface.

—— ——— ..—.
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Thetests
tunnelthrough

TESTSANDCORRECTIONS

wereconductedintheIangleyhigh-speed7-by 10-foot
a Machnuniberrangefromapproxhdx?ly0.70to 0.95,

correspondingto a Reynoldsnmiberrangefrom2.7x 106to 3.0x 106.
Thesizeofthemodelcausedthetunnelto chokeat allachnuiberof
0.96at zerowe ofattack.Theblockingcorrectionswhichwereapplied
totheMachnumberweredeterminedlythemethodofreference7.

Theangleofattackandangleof sidesliphavebeencorrectedfor
thedeflectionofthestingsupportsystem.

Theaeroelasticdeflectioncharacteristicsofthiswing(asdetermined
fromstaticloadings)are,presentedinreference2. No aeroelasticcor-
rectionshavebeenappliedtothesedata.

RESULTSANDDISCUSSION

LoadDistributions

Theeffectofsidesliponthespan-loaddistributionisshownin
figures3 and4. h general,attheloweranglesofattack(inthe
rsngeoflinearvariationofliftwithangleofattack),theloadingon
theleadingwingwasincreasedbecauseof sidesl.ip,andtheload3ngon
thetratingwingwasdecreasedaswouldbe expected.At thehigher
anglesof attack,theeffectsof sideslipontheloadingaxesmnetimes
reversed.At thesehighersnglesof attacktheeffectsof sideslip
probablyarea functionoftheextentandrateof changeof staUn on
thewing.

Theeffectsof sideslAponthelocalchordwisecenterofpressure
(figs.5 smd6)alsowry appreciab

%
overthesurfaceofthewing.

IncreasingthesideslipanglestoU causeslocal.center-of-pressure
movementsaslargeas20percentofthelocalchord.b thelowangl.e-
of-attackrange,thereappearstobe a tendencyfortheloadtomove
resrwardatthetipoftheleadingwhg andforwardatthetipofthe
trailingwing. ThistendencyismorepronouncedatthehigherMachnum-
bers. The’rearwsrdmovementofthecenterofloadontheleadingtip
probablyisduetotheleadlngtipactingsomewhatlikea wingleading
edge.At a sideslipanglethereisa componentoffree-streamvelocity
thatisnormalto thewingtipandthecombinationofthiscmponentwith
thetipvortexproducesan additionalloadingonthetip. Thecenterof
thisadditionalloadingislocatedfartherrearwardthanthecenterof
theangle-of-attack-typeload. Thisadditionalloadconibineswiththe

—...



angle-of-attackloadandresultsin a rearwardmovementofthecenterof ‘
pressure.Theseeffectscanalsobe seeninthechordloaddistributions
presentedinfigure7. (Seeparts(c)and(d)offig.7.) ,

RootBending-MmentCoefficient

~ thesYm@xicalflightcondititi(zerosideslip)thecritical
root-benting-mcmentconditionisusuallydeterminedby thegrossweight
oftheairplane,thedesign-loadfactor,andthemostoutwsrdlocation
ofthecenterofpressureonthewing. Whentheairplaneis ina side-
sl.ipattitude,however,thereis m additionalincrementofrootbending
mmnentthatmustbe considered.At lowanglesofattack,therootbending
momentoftheleadingwingincreaseswithsideslipangle(fig.8). At
theselowanglesof attack,thelaterslcenterofpressure(fig.9) does
notchangewithsidesl.ipangle.!IWincreaseinrootbendingmomentis,
therefore,dueto anincreaseinnormalforce(fig.10). Underthesecon-
ditions,thecriticalbendingconditionwouldoccurontheleadingwing
andwoulddependonthesides~panglereached.

W genersl(exceptnearan angleof attackofl$l”),thelateralcen-
terofpressuredidnotchangemuchwithsideslipangle.At anangleof
attackof16.7°(M= 0.7,fenceoff),however,thenormalforceonthe
trailingwingincreaseswithsideslipangleincontrasttotheexpected
decressethatoccursatloweranglesof attack(fig.10). Thebending
momentonthetrai.linnwingthenincreasesatthisangleof attackand
thebendingmcmentontheleadingwingdecreases(fig.8). Itmaybe
possibleundertheseconditions,then,toreacha conditionofextmane
sides~pwheretherootbendl.ngmcnnentofthetrailingwingwouldbecome
thecriticalcondition.

Withthefenceinstalled,theMot bendingmomentofthehating
wingis alwayslessthanthatoftheleaiUmgwingandthecriticalbending
condition,therefore,wouldalwaysbe expectedto occurontheleading
-*

RolMnglknnentDueto Sideslip

Theforcedataofreference2 indicatea nonlinearvariationofthe
coefficientofrollingmomentdueto sideslipC2 withangleofattacku.

B
Theforcedataofreference2 srecomparedinfigureU withrolling
momentdueto sideslipasdeterminedby integrationofthespan-loaddis-
tributionspresentedherein.h general,thevariationswithangleof
attacksreingoodagreementsl.thoughtheabsolutemagnitudesdifferto
someexknt. Psrtofthedisagreementinmsgnitudemaybe duetothe .
limitednumberof spanwisestationsfromwhichthespsn-loaddistributions
weredetermined.

~=--d~m
b
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Althoughthereareno forcetestdataavsilableformibstantiation,
integrationofthepressure-distributiondataindicatesthat,.withfences
installed,thederivativeCz doesnotreversesignund&rconditions

P
forwhichreversalwasnotedfortheclea wing.

ThedataoffiguresXl-andI-2inticatetbt thev~atio~ of C7P

withangleofattack(exceptnearanangleofattackof120),aretrace-
bleto differencesb thevariationofnormal-forcecoefficientwith
angleofattackontheleadingandtrailingwing. Forexample,atlow
anglesofattack,a Machnumberof0.7,andwiththefenceoff(fig.12(a)),
thenormal-force-curveslopeontheleadlngwingis~eaterthanthenormal-
force-curveslopeonthetrafin wingwhichproducestheexpecteds-bible
(ornegative) valuesof Czp. As theangleof attackis increased,how-

ever,theleadingwing,whichhaslesssweepthanwhenat.zerosideslip,
beginsto stallearlierandlevelsoffata lowernormal-forcecoefficient
thanwhenat zerosidkslip.Thetrdlingwing,ontheotherhand,has
moresweepandexperiencesan increaseinnormal-force-curveslopeat
about60. Athigheranglesofattack(13°to170),wherethenormal-force
coefficientontheleadingwinghasleveledoff,thetrailing-~ normal-
forcecoefficientstillis increasingandreacheshighervaluesthanon
theleadingwing. Thiscrossoverofthenormal-forcecurvesresultsin
thereversalof signof Cl inthisangle-of-attackrange(fig.Il.).

P

At thehigherMachnuder andwiththefenceinstalled,thenormal-
forcecurvesdonotcrossandthecoefficientofrollingmomentdueto
sideslipCZP remainsnegative.

An investigationof
characteristicsof a 45°

1.At lowanglesof
slipontheleadingwing

CONCLUSIONS

theeffectsofsideslipontheaerodynamicloading
sweptbackwingindicatesthefollowingconclusions:

attacktherootbendingmomentincreaseswithside-
anddecreasesonthetrsilinnwinRaswouldbe

expected.At aMachn&er of0.7andatanglesofa%mk-of 12°to 170
withthefenceoff,however,therootbendi.ngmomentonthetraUng wing
exceededthatontheleadingwing.

. 2. In genersl(exceptnearanangleofattackof120),thelateral
centerofpressuredoesnotchangemuchwithsideslip.Thev~iations.ti
rootbendingmomentandinthecoefficientofrollingmomentdueto sideslip

,

-. ... ..— .. ... —-..—..——. —..————.-— .-— —- . ..— —-. —.—. .——



. . ——.—

8 -=%mfTmwKu NACARM L’34K15

Clparedueprimarilytovariationsinnormal-forcecoefficientsonthe ,

leadingandtrailing.wingsratherthantolateralcenter-of-pressuretravel.

3. Withthefenceinstalled,therootbendingmomentoftheleading
wingwasalwaysgreaterthanthatofthetraiki.nnwingandthecoefficient
ofrollingmomentdueto sideslipremainsnegativethroughouttheangle-of-
attackrange.

Lan.gleyAeronauticalLaboratory,
NationalAdvisoryCmmitteeforAeronauticsj

I@gleyl?ield,Vs.,November5,19%. -
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TABLEI.-I?REm-omm

[Distributionoforificessamefordl spanwise

NA.CARML54K15

statiom]

Upper Lower

x/c x/c

o 0
.025 .025
.075 .075
.150 .150
.250 .250
.350 .350
.450 .450
.550 .550
.650 .650
.750 .750
.850 .850
.950 .950

.
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